Electrocardiographic changes simulating myocardial ischaemia frequently occur in patients following a subarachnoid haemorrhage (SAH). l The presence of these abnormalities preoperatively may present a diagnostic dilemma and complicate the anaesthetic management. The purpose of this study was to investigate the additional effects of isoflurane anaesthesia and induced hypotension on the electrocardiogram (ECG) and on cardiac enzymes in neurosurgical patients.
Methods
This study was approved by the Health Sciences Standing Committee of Human Research of the University of Westein Ontario. Informed consent was obtained from each patient. Thirty-three patients scheduled for surgery requiring induced hypotension were studied, 27 with cerebral aneurysms and six with arteriovenous malformations (AVM).
All patients were unpremedicated. Anaesthesia was induced with fentanyl (2-3 I~g'kg J), thiopentone (5-6 mg-kg-I), lidoeaine (I mg.kg-I), and succinylcholine (1 mg.kg-1). Blood pressure and heart rate were continuously monitored and maintained below preoperative levels by the addition of isoflurane or fentanyl during the induction of anaesthesia. Anaesthesia was maintained with nitrous oxide (50 per cent), oxygen (50 per cent), pancuronium, intermittent fentanyl (maximum 250 p.g) and isoflurane. Monitors included a standard lead-II ECG, intraarterial catheter, central venous catheter or pulmonary artery catheter, nasopharyngeal temperature probe, urinary catheter and end-tidal capnometer. A lumbar subaraehnoid catheter was inserted for cerebraspinal fluid drainage. The blood pressure transducer was placed at mid-cephalic level. Patients were ventilated to maintain a PaCt2 of 30-35 mnfflg. Marmitol (I gm'kg -~) was administered intravenously to all patients. Hypotension was induced during dissection and clipping of the cerebral aneurysm and during excision of the AVM. This was accomplished by increasing the inspired isoflurane concentration to 3-4 per cent until the desired ]evel of blood pressure was achieved and then gradually decreasing the concentration to a maintenance level (1.5-2.5 per cent). When hypotension was no longer required, the inspired concentration was reduced or discontinued until the blood pressure returned to pre-hypotensive levels. On emergence, should hypertension (increase > 30 per cent of awake systolic pressure) occur treatment with intravenous hydralazine was initiated and propranolol was given if deemed necessary.
A standard 12 lead ECG was obtained preoperatively as well as in the recovery-room and each morning for three consecutive postoperative days. Intraoperatively, in addition to lead II, a continuous tape (Holter) monitor of modified chest leads V~ and Vs was recorded for the duration of anaesthesia. The Holter tape was analyzed postoperatively. All ECG tracings were analyzed by a cardiologist blinded to the events of the operation.
Cardiac enzyme measurements included serum ereatine phosphoklnase (CPK), serum lactate dehydrogenase (LDH) and their isoenzymes. Blood samples were collected preoperatively, after 20 minutes of hypotension, postoperatively in the recovery room, on day one (the first 24 hours following surgery) every six hours, on day two every 12 hours and once on day three. The postoperative timing of enzyme measurement was chosen to correspond with the diagnostic evaluation used in the assessment of a patient with chest pain. 2 Statistical analysis was performed using analysis of variance for repeated measures. Where significant difference was found, Dunneu's test was used to assess difference from preoperative values. P < 0.05 was considered significant. tachycardia two, ventrieular extrasystoles -one). The three patients with intact aneurysms and an abnormal preoperative ECG had cardiovascular disease. Four of the six patients with an AVM had had a bleed from 13 days to one year prior to surgery (mean -*-SD = 162 • 128 days), but all had normal preoperative ECG's.
Ten patients had ECG changes on the Holter tape. In eight patients these changes (ST segment-four, T wavethree, venlrieular extrasystoles -three, intermittent bundle branch block -one) were evident early during the surgical procedure before induced hypotension, and persisted into the recovery morn ( Figure 1 ). In the other two, changes (flat T wave) developed towards the end of the surgical procedure at normal blood pressure, but their ECG's in the recovery room were normal. There was no evidence in any patient of ST segment depression occurring only during isoflurane-induced hypotension.
In the recovery room 17 patients developed an abnormal ECG, with marked changes from their preoperative tracing (Table and Figure 2 ). These included changes in ST segment (five patients), T wave (11), prolonged QT interval (one) and arrhythmias (four). There was a dramatic increase in the total CPK in the immediate postoperative period. However, this was completely due to CPK3 (skeletal muscle) and at no time was there any evidence of detectable CPKa (cardiac) or CPKI (brain) (Figure 3) . Similarly there was no increase in the LDH cardiac isoenzymes (LDHI, LDH2) or of the LDH,/LDHz ratio ( Figure 4 ). Serum electrolyte measurements made preoperatively and postoperatively were within normal limits in all patients.
Re.suits
There were no anaesthetic complications during this study. The mean age of the 33 patients was 49 years (range 19-70 years) with 24 females and nine males. Sixteen patients had a preoperative history of hypertension and of these, three had clinical or elecWocardiographic evidence of ischaemie heart disease. The remainder had (n = 19) Nineteen patients had had a documented SAH prior to Av~t surgery and eight of these (42 per cent) had an abnormal Intact preoperative ECG (Table) . The time interval (mean ---{n = 2) SD) between the SAH and surgery was 17 -12 days. The abnormalities included ST segment changes (one patient), SA• (n = 4) nonspecifie T wave changes (seven), axis deviation (left two, right one) and arrhythmias (bradyeardia -one,
Discussion
Electrocardiographic changes associated with SAH may resemble myocardial ischaemia. An abnormal preoperative ECG or new ECG changes during anaesthesia presents the anaesthetist with a dilemma. The question whether the patient should undergo anaesthesia and surgery without full cardiac investigation to rule out a recent myocardial infarction has been raised. J,4 In this study, we looked for myocardial ischaemia by using serial ECG's and serum cardiac enzymes in a pattern similar to that used for the investigation and documentation of myocardial infarction, with the assumption that true ischaemic changes may be aggravated dunng the period of induced hypotension. We found frequent ECG changes in~aoperatively and postoperatively, but we found no characteristic serial ECG changes, nor did we find any increase in cardiac isoenzymes to suggest perioperative myocardial infarction. In our study 42 per cent of the patients with a recent SAH had an abnormal ECG prcoperafively. This is consistent with many previous observations, re's-6 These ECG abnormalities usually consist of ST segment or nonspecific T wave changes, a prolonged QT interval and arrhythmias.7 They may occur immediately after the SAH or may be delayed and are present for a variable period of time, often reverting to normal, s The aetiolosy has been widely speculated upon but not clearly defined. Some causes suggested include autonomic dysfunction, a rise in catecholamines or an increase in intracranial pressure.9,1~
The interesting finding in our study was that 30 per cent of the padents developed similar ECG changes intraoperatively, unrelated to induced hypotension and a larger percentage (53 per cent) occurred postoperatively. These changes varied in the ECG lead location, time of oceulTence, duration and occun'~d in paticllts with cerebral aneu~sms as well as AVM.
Previous investigators have examined the correlation of cardiac enzymes to ECG changes following SAH. The results are conflicting. In earlier studies there was a reported increase, but ~e cardiac isoenzymes were not identified, s.ll In a review of 16 patients with SAH, Fabinyi reported an elevation of cardiac isoenzymes in seven patients, of whom five had abnormal ECG's. 12 Five other patients had abnomlal ECG's without enzyme elevation. Kaste also showed a significant association between cardiac enzyme activity and ECG abnormalities, though his study included various acute cerebral disorders, t3 Rudehill was unable to confirm this relationship; t~ in 20 SAH patients with abnormal ECG, he found no elevation of cardiac enzymes. We found no increase in the cardiac isocnzymes intraoperatively or postoperatively to correlate with the ECG abnormalities.
The cause of the ECG changes intraopera|ively and postoperatively can only be speculated upon. Surgical manipulation of the circle of Willis has been reported to cause arrhythmias and T wave changes. 15, 16 We were unable to correlate the changes we observed to direct manipulations of the brain as in most patients the intraoperative changes were only identified on Holier tape retrospectively. In addition to this, other variables that may influence ECG changes cannot be ruled out; posture and positional changes of the patient, which happens frequently during surgery, can affect ST segmem and T wave recording.t7 In a pilot study evaluating the usefulness of continuous ECG (Holter) monitoring in the perioperative period, Griffin et aL reported that arrhythmias, ST segment and T wave changes occurred frequently in non-neurosurgical patients ~8 and that three patients (20 per cent) had ST and T wave changes in the recovery room, Breslow et aL also found that new ECG abnormalities occurred in 19 per cent of non-neurosurgical patients postoperatively. 19 They speculated that these changes, which mostly involved the T wave, were not indicative of myocardial ischaemia, but of an unknown aetiology. The incidence of postoperative changes in our study (53 per cent) was considerably higher, suggesting the neurosurgical procedure as a strong aedological factor. It is difficult to implicate induced hypotension since no ECG changes were observed during the period of hypotension.
Reiz has suggested that isoflurane anaesthesia produces coronary vasodilation which may result in myocardial ischaemia by means of a "coronary steal" in patients with coronary artery disease. ~~ More recently, other investigators have not been able to confirm these findings. 2! In our study, three patients had clinical cardiac disease, but showed no ST segment changes intraoperatively+ Postoperatively, two of these patients had transient nonspecific T wa',e changes on their ECG, but no elevation of cardiac enzymes. The number of patients in this category is small, and thus no definitive conclusion on coronary steal can be drawn,
Conclusion
In summary, we conclude that ECG changes are relatively common intraoperatively in patients undergoing vascular neurosurgical procedures and even more common in the postoperative period. The aetiology of these changes remains unclear, but may be related to intracranial surgical manipulation. We found no enzymatic evidence of myocardial infraction during isoflurane-induced hypotension even in patients with clinical evidence of ischaemic heart disease. Although one should continue to be cautious and vigilant, we believe that isoflurane anaesthesia and isoflurane-induced hypotension can be safely employed to facilitate neurovascular surgery.
